We describe here the isolation and characterization of a zebrafish Delta homologue (deltaD). A PCR fragment was used to obtain overlapping cDNA clones encoding a protein of 717 amino acids with all characteristic features of proteins of this family, a signal peptide, a transmembrane domain, and an extracellular region comprising the DSL domain and eight EGF-like repeats. The gene is transcribed in a complex pattern in the developing nervous system as well as in the hypoblast. Overexpression of this gene following mRNA injections leads to a reduction in the number of islet-1 positive cells, which are assumed to be primary neurons, and to various defects in the adaxial mesoderm, as well as in the somites and myotomes. This suggests that deltaD, and the Notch signalling pathway are involved in the differentiation of primary neurons within the neural plate, as well as in somite development.
Introduction
Individual neural progenitor cells in Drosophila are selected from groups of equivalent cells called proneural clusters (Ghysen and Dambly-Chaudière, 1989; Romani et al., 1989) . The selection of the neural progenitor is mediated by a complex network formed by the products of proneural and neurogenic genes (for review see Campos-Ortega, 1993; Ghysen et al., 1993) . In the neuroectoderm and the developing epidermis, the proneural genes are expressed in the proneural clusters (Cabrera et al., 1987; Romani et al., 1987; Cabrera, 1990; Martín-Bermudo et al., 1991) endowing these cells with neurogenic abilities. Lateral inhibition mediated by the neurogenic genes eventually restricts neural competence to individual cells within the proneural clusters. Notch, Suppressor of Hairless [Su(H)], and the genes of the Enhancer of split complex [E(SPL)-C] participate in the reception and processing of the inhibitory signals, whereas Delta acts as the source of these signals (Technau and Campos-Ortega, 1987; Heitzler and Simpson, 1991; Lieber et al., 1993; Rebay et al., 1993; Struhl et al., 1993; Bailey and Posakony, 1995; Lecourtois and Schweissguth, 1995) .
For many years now, Drosophila neurogenic and proneural genes were studied solely from the point of view of neurogenesis. However, these genes and their products are also involved in oogenesis (Ruohola et al., 1991; Xu et al., 1992) , myogenesis (Corbin et al., 1991; Carmena et al., 1995) and gut and heart development (Tepass and Hartenstein, 1994) . The genetic circuitry that controls the selection of neural progenitors appears thus to be required for selection of developmental fate in a large variety of cells in Drosophila. This circuitry is apparently active in animals other than the fruit fly; thus, homologues of the Drosophila neurogenic and proneural genes have been cloned from various species of vertebrates. Notch homologues have been identified in Xenopus (Coffman et al., 1990) , zebrafish (Bierkamp and Campos-Ortega, 1993 , corresponding to Notch1 (see Lardelli et al., 1995) ), mouse (Franco del Alamo et al., 1992; Jhappan et al., 1992; Reaume et al., 1992; Lardelli and Lendahl, 1993; Lardelli et al., 1995; Williams et al., 1995) , rat (Weinmaster et al., 1991; Weinmaster et al., 1992) and human (Ellisen et al., 1991) . E(spl)-hairy homologues have been cloned in zebrafish (Weizsäcker, 1994; Müller et al., 1996) and rat (Akazawa et al., 1992; Sasai et al., 1992) . groucho homologues have been cloned in the zebrafish (Wülbeck and Campos-Ortega, 1997) , as well as from mouse and human (Stifani et al., 1992; Mallo et al., 1993; Miyasaka et al., 1993) . There is increasing evidence that the function of the neurogenic regulatory network in vertebrates is, as in Drosophila, to select individual cells from equivalence groups for specific fates Chitnis and Kintner, 1996) . Vertebrate homologues of the proneural genes of the AS-C have been cloned from zebrafish (Allende and Weinberg, 1994) , Xenopus (Ferreiro et al., 1993; Zimmerman et al., 1993) , and mouse (Johnson et al., 1990) . Proneural activities have been described for some of these proteins following mRNA injection into developing embryos (Ferreiro et al., 1994; Turner and Weintraub, 1994; Lee et al., 1995; Chitnis and Kintner, 1996) .
Homologues of the Drosophila Notch ligands Delta and Serrate have been described in C. elegans (Tax et al., 1994) as well as in a variety of vertebrates (Bettenhausen et al., 1995; Henrique et al., 1995; Lindsell et al., 1995) . Several conserved features characterize the members of the family, including the amino-terminal DSL domain, which has been shown to be required for interaction with Notch in vitro (Muskavitch, 1994) , and the presence of a number of EGF-like repeats in the extracellular domain. Drosophila Delta contains nine of these repeats (Vässin et al., 1987; Kopczynski et al., 1988; Haenlin et al., 1990) . However, all described vertebrate homologues have only eight EGF-like repeats, as well as a smaller intracellular domain.
We describe here the isolation and characterization of a zebrafish Delta homologue (deltaD). The gene is transcribed within the developing nervous system as well as in the hypoblast in a complex pattern. Overexpression of this gene following mRNA injection leads to a reduction in the number of islet-1 positive cells, which are assumed to be primary neurons (Korzh et al., 1993; Inoue et al., 1994) . In addition, fusion of somites and myotomes and other defects in the adaxial mesoderm are detected in these animals. This suggests that deltaD is involved in regulating the differentiation of primary neurons within the neural plate and in controlling individualization of somites.
Results

Cloning of deltaD
Using degenerate primers, a 1 kb fragment was amplified by PCR from a zebrafish cDNA library. This fragment was cloned and sequenced; homology to Drosophila Delta was found. The 1 kb fragment was then used to screen another cDNA library to obtain the entire coding sequence. Several clones were obtained and partially characterized by PCR. Two overlapping clones (Dl-1 and Dl-2) were sequenced. The largest open reading frame (2154 bp) encodes a protein of 717 amino acids. In addition, the sequence includes a part of the 5′UTR (8 bp) and the 3′UTR (190 bp). Northern blot analysis detects a single transcript of 3.8-4.0 kb from 50% epiboly in Fig. 1. 
DeltaD is highly conserved
The deduced amino acid sequence exhibits all typical features of members of the Delta family ( Figs. 1 and 2) . Two hydrophobic regions correspond to the signal peptide and the transmembrane domain; the putative extracellular region comprises the DSL domain and eight EGF-like repeats. The positions of all cysteine residues within the EGF repeat region are conserved; note, however, that Drosophila Delta has nine EGF-like repeats. In agreement with a number of colleagues working on zebrafish Delta genes (Catherine Haddon, Lucy Smithers, Sylvie SchneiderMaunoury, Thierry Coche, Domingos Henrique and Julian Lewis, Oxford, UK, and Bruce Appel and Judith Eisen, Eugene, Oregon, USA), we have called this protein zebrafish deltaD. The amino acid sequence of deltaD (Table 1) is 68% identical to mouse Delta-1 and 72% to Xenopus Delta-1; similarity is 85%, on average, between zebrafish deltaD and mouse, chicken or Xenopus Delta-1. With respect to Drosophila Delta, the degree of identity is 41% for the entire protein and 54% in the DSL domain and the EGF repeats; similarity for the entire protein is 57%.
Expression of deltaD is spatially regulated
In situ hybridizations were performed on wholemounts of staged embryos at 0-36 hpf with digoxygenin-labelled antisense RNA probes for deltaD. Transcription of deltaD begins at 30-40% epiboly in the marginal region, where it persists throughout gastrulation as the marginal zone advances posteriorly, eventually giving rise to the tail bud (Fig. 3) . At about 50% epiboly, transcription ceases within the embryonic shield and the RNA eventually disappears from the medial zone (Fig. 3B) . At 60-70% epiboly, transcription extends from the marginal zone into the hypoblast and, at about 80%, a defined transverse band (Fig. 3C ) becomes visible on either side of the dorsal midline, separated from the marginal zone by a region that is devoid of transcripts. Histological sections show that this band is located within the hypoblast (not shown; see also Fig.  5A ). A second, thinner band becomes evident in front of the first one when gastrulation is complete (Fig. 3E) . The posterior stripe is broader and contains a higher density of transcripts than the anterior. As convergence progresses, the two stripes narrow and, when the first somites form, it becomes clear that both bands lie in the presomitic mesoderm (Figs. 4 and 5 ). This paired pattern and the strong expression in the marginal zone and later tail bud persists throughout somitogenesis. Size and location of the bands are very similar to the expression pattern of the 'pair-rule' gene her1 (Müller et al., 1996) , suggesting that the deltaD bands, like the her1 bands, correspond to somite primordia. However, unlike the her1 domains, which are separated by non-expressing bands of similar size, the deltaD bands are in contiguous regions, presumably in adjacent somitic primordia. Correspondence of deltaD bands to prospective somites can be inferred during late stages of somitogenesis (Fig. 5B,C) , when they can be directly compared to the last differentiated somites. In these embryos the anterior band apparently labels the cells which will form the next somite and the posterior band labels the cells of the succeeding somite primordium. Posterior to that, there is a much lower density of transcripts down to the tip of the growing tail, where again a high density of transcripts is present. In addition to the bands, the anterior halves of the 5-6 lastformed somites contain a low density of deltaD transcripts.
deltaD expression in the developing neural primordia
deltaD exhibits a complex transcription pattern within the developing nervous system (Figs. 3 and 4). Expression within the epiblast starts at 80-90% epiboly in the form of two restricted zones anterior to the hypoblastic bands (Fig. 3E ). These zones seem to stretch during subsequent development, growing to become continuous longitudinal stripes, probably as a consequence of extension and cell divisions (compare the position of the asterisk in Fig. 3E with 'is' in Fig. 4B ,E,H). A slightly narrower cell stripe containing deltaD transcripts becomes evident paramedially in the neural plate of the 2-3-somite stage embryo (ms, Fig.  4G ,H). On closer inspection, this domain proves to be composed of two stripes, each 2-3 cells wide, one on either side of the midline. Similar longitudinal expression domains are observed in the transcription pattern of Notch1 (Fig. 5A ,B in Bierkamp and Campos-Ortega, 1993) . However, deltaD transcripts at this stage are located within distinct groups of cells that are arranged longitudinally, whereas Notch1 transcripts are diffusely distributed throughout the stripes. The same appears to apply for the distribution of transcripts of the Delta and Notch homologues in Xenopus and chicken Henrique et al., 1995) .
Caudally within the neural plate, an additional thin stripe consisting of individual cells containing deltaD transcripts longitudinally arranged, can be distinguished in the 95% epiboly stage embryo (ls, Fig. 3F ). This stripe is located lateral to the lateral longitudinal stripe considered above, starting at the level of the transversal, hypoblastic bands mentioned above and extending caudally to eventually merge with the expression domain at the tail bud (Fig.  4H,I ). Thus, three longitudinal expression domains are present in the neural plate; one is lateral, the second is intermediate and the third is medial. Judging from its position, the lateral stripe might well define the margin of the neural plate; this, however, is merely an educated guess, since there is no experimental evidence to support this assumption. Although no attempt has been made to work out the spatial pattern of transcript distribution during later stages of embryogenesis in detail, deltaD continues to be expressed after neurulation, at least until 30 hpf, in groups of cells in the developing spinal cord and rhombencephalon (Fig. 6) .
deltaD expression in the brain stem
deltaD is transcribed within the primordia of fore-, midand hindbrain. At 95% epiboly, two initially oblique stripes become evident anterior to the intermediate lateral stripes, which meet at the midline (Fig. 4A,D,G) . At the tailbud and 2-somite stage, four main zones of deltaD RNA accumulation can be distinguished within brain and brain stem anlagen (with reference to Fig. 4, 1-4) . One is transversal, corresponding to the oblique stripes (1 in Fig. 4A ,D,G), and is probably located at the level of the prospective mesencephalon, the second (2 in Fig. 4G ) is prosencephalic, the third (3 in Fig. 4D,G) is between prosencephalon and mesencephalon, and the fourth (4 in Fig. 4G ) is located in the metencephalon. The second, prosencephalic domain is disposed in the shape of an arch, apparently delimiting the neural primordium anteriorly and laterally. The third domain consists of a medial, broad stripe that extends from the prospective prosencephalon through the mesencephalon into the hindbrain anlage. Prior to neurulation the medial and the transversal domains form a characteristic cross, also visible in the pattern of Notch1 transcript distribution ( Fig. 5A in Bierkamp and Campos-Ortega, 1993) . The lateral arms of the arch in the brain anlage (prosencephalic domain 2) become displaced towards the dorsal midline during neurulation to eventually fuse at the dorsal midline at the 7-8-somite stage, whereas the medial zone (domain 3) remains ventrally (Fig. 6A) . The metencephalic domains consist of two paramedial pairs of deltaD-expressing cell groups. In addition to the expression domains in the brain stem primordia, deltaD is strongly expressed medially within the rhombomeres (Fig. 6C,D) , as well as within several other regions of the developing central and peripheral nervous system, e.g. the trigeminal ganglion (not shown).
Overexpression of deltaD blocks differentiation of primary neurons and causes somitic defects
deltaD mRNA was synthesized from a full length cDNA clone, constructed from Dl1.1 and Dl1.2. This cDNA comprises the complete open reading frame and the untranslated 5′ and 3′ regions mentioned above. Since the 190 bp of the 3′-UTR does not include a polyadenylation signal, the cDNA was cloned into the multifunctional expression vector pCS2
+ . This vector not only permits very effective in vitro expression but it also allows one to fuse an artificial UTR, with an SV40 polyadenylation signal, to the deltaD transcript, thus providing for increased stability of the mRNA (Turner and Weintraub, 1994) . Correspondence of deltaD presomitic bands to prospective somites can be inferred from comparing them to the last differentiated somites. tb, tail bud. Scale bars, 100 mm (A) and 70 mm (B,C). Synthesis of lacZ RNA used the pCS-nucb-gal vector. mRNA was injected into one of the blastomeres at the 2-4-blastomere stage. Some embryos were injected with either deltaD or lacZ RNA only, and in others a mixture of deltaD and lacZ RNA was injected (Tables 2and 3) . We assumed that the distribution of b-galactosidase corresponds to the distribution of the translational product of deltaD. As a control, lacZ RNA alone was injected into other embryos of the same ages. The injected embryos were allowed to survive either to the neural plate stage (10-12 hpf), 8-10-somite stage, or until 24-36 hpf. They were then fixed. Embryos injected with lacZ RNA only or with lacZ and deltaD RNA simultaneously were first subjected to in situ hybridization with either an islet-1 or a myoD probe, and photographed as whole mounts. Afterwards, they were stained with an antibody against b-galactosidase.
In situ hybridization using an islet-1 and a Delta probe simultaneously show the islet-1 positive cells to be contained within the medial and the lateral stripes (Fig. 7) . Animals injected either with deltaD RNA alone or with a mixture of deltaD and lacZ RNA, showed conspicuous defects in the islet-1 pattern (Fig. 8B-F, Table 2 ), ranging from a local reduction in number to complete lack of islet-1 positive cells; occasionally the spatial pattern of islet-1 positive cells was also perturbed (Fig. 8B) . Following simultaneous lacZ and deltaD RNA injections, islet-1 pattern defects correlated precisely with b-galactosidase activity, that is to say, they were only present in embryos exhibiting b-galactosidase activity and within the territory occupied by the enzyme (Fig. 8B,C) . We injected two different doses of deltaD RNA; however, no clear correlation was observed between frequency of defects and dosage.
Following injections in 2-cell stage embryos, several cases were found in which b-galactosidase was mainly concentrated in cells on one side of the embryo, whereas the cells of the other side were devoid of, or showed much less b-galactosidase staining. islet-1 positive cells were unaffected on the side of the neural plate without b-galactosidase activity. Embryos that had been injected with lacZ RNA alone showed a much lower proportion of defects of the islet-1 positive cells (Table 2 ). However, we cannot exclude that the concomitant injection of lacZ RNA enhances the effects of deltaD RNA injection.
No gross morphological defects were detected in the nervous system of the older embryos (24-36 hpf). However, conspicuous defects, consisting of fusion and splitting, were detected in the myotomes of embryos that had been injected with deltaD RNA using a myoD cDNA as probe for in situ hybridization (Fig. 9J,K) . Embryos fixed at the 8-10-somite stage showed fusion or malformation of individual somites (Fig. 9E-I , refer to Table 3), as well as conspicuous pattern defects of the adaxial mesodermal cells, which exhibited a fairly irregular arrangement (Fig. 9D,F,H) . Again in this case, somitic and myotome defects were found exclusively in embryos with b-galactosidase expression, when simultaneous injections of deltaD and lacZ RNA had been made. The proportion of embryos with somitic defects following injection with lacZ RNA alone was much lower (Table 3) .
Several injected embryos showed conspicuous splitting of the notochord, which contained MyoD expressing cells (Fig. 9D) . To further qualify the notochordal defects, a group of 20 embryos injected with deltaD RNA were processed for in situ hybridization with the notochord marker no tail at the 8-10-blastomere stage. Eight embryos showed Numbers and percentages refer to the embryos with b-gal and MyoD staining. notochordal abnormalities, such as an irregular course and bifurcations. Another 20 control embryos injected with lacZ RNA and processed at the same age for no tail in situ hybridization did not show notochordal defects (Fig. 9B,C) .
Discussion
Various homologues of Drosophila genes involved in the process of lateral inhibition have been described in a num- Fig. 9 . Injections of deltaD RNA cause notochord and somitic defects. The embryos in (A,B) (9-somite stage) were injected with lacZ RNA at the 2-blastomere stage and were processed for in situ hybridization (myoD probe in (A), ntl probe in (B), blue staining), and anti-b-galactosidase staining (brown staining). Notochordal defects can be observed following injections with deltaD RNA ((C), processed as (B)). (D) myoD positive cells (arrows) located in the territory of the notochord following deltaD RNA. The embryos in (E-J) were injected in the 2-blastomere stage with lacZ and deltaD RNA, and those in K were injected with deltaD RNA only, and probed with a myoD probe for in situ hybridization and anti-b-galactosidase antibodies. Notice fusion of several somites (arrows) in (E,F) (same embryo, photographed as whole mount prior (E) to and as flat embedding (F) after antibody staining) and (G-H) (same embryo). Note irregularities in the course of adaxial mesodermal cells. (I) All somites at the right hand side show hypoplasic defects. (J,K) The tail of 24-36 hpf embryos. Notice splitting (E) and fusion (F, arrow) of myotomes. There is only a low amount of b-galactosidase visible in these old embryos (arrows in (J)), probably due to turnover of the enzyme.
ber of vertebrates (see Section 1). The available experimental evidence strongly suggests that, as in Drosophila, the neurogenic network in Xenopus appears to function in the selection of individual cells for specific fates; perturbation of the differentiation of primary neurons has been described following overexpression of Delta and Notch variants in Xenopus Chitnis and Kintner, 1996) . The results of these experiments are compatible with the notion that primary neurons are selected from equivalence groups, and that this process is mediated by the Notch signalling pathway. The expression of Delta and achaete-scute homologues in specific neuronal precursors suggests the participation of these genes in processes related to development of particular neuronal types (Johnson et al., 1990; Jasoni et al., 1994; Bettenhausen et al., 1995; .
The zebrafish Delta homologue that we have described above exhibits the same degree of structural conservation found for homologues in other animal species. Its expression pattern appears to be as dynamic and complex as in the case of the other vertebrate Delta homologues (Bettenhausen et al., 1995; Chitnis et al., 1995; Henrique et al., 1995) . deltaD is expressed within the neural primordia, strikingly overlapping the expression zones of other genes of the neurogenic network, such as Notch1 (Bierkamp and CamposOrtega, 1993) , gro1 and gro2 (Wülbeck and CamposOrtega, 1997) and the E(spl) homologues her2, her3 and her4 (Weizsäcker, 1994; our unpublished observations) .
The overlap with the expression domains of the other neurogenic gene homologues in zebrafish is particularly striking with respect to the longitudinal expression domains in the neural plate between 95% epiboly and the 3-4-somite stage. The deltaD mRNA injections cause conspicuous defects in the differentiation of islet-1 positive cells. This observation strongly suggests participation of deltaD in the differentiation of the islet-1 positive, primary sensory neurons and primary motoneurons; we have already mentioned that the islet-1 positive cells are contained within the deltaD expression domains (Fig. 7B) . Chitnis et al. (1995) reached a similar conclusion on the basis of the same experiment for a Xenopus Delta homologue, which has a very similar pattern of expression. In addition, these authors (see also Chitnis and Kintner, 1996) provided evidence that the function of the neurogenic network in Xenopus is essentially the same as in Drosophila, namely to restrict particular fates to individual cells in groups of equivalent cells, and in this particular case, primary neurons from pools of equivalent neural plate cells. The overlap we found in the expression domain of the zebrafish homologues strongly implies conservation of this function in zebrafish as well.
Another feature of the pattern of deltaD transcription pattern that merits further discussion concerns the expression domains in mesodermal derivatives. Like the E(spl)-hairy homologue her1 (Müller et al., 1996) , deltaD is expressed in a metameric pattern in the presomitic mesoderm. Since zebrafish Notch1, the groucho homologues gro1 and gro2, as well as the E(spl) homologue her6 are all expressed in the paraxial mesoderm (Bierkamp and Campos-Ortega, 1993; Weizsäcker, 1994; Wülbeck and Campos-Ortega, 1997 ), it appears probable that the Notch signalling pathway participates in functions related to somitogenesis and/or differentiation of somitic derivatives. The mouse Delta homologue is also abundantly expressed in the presomitic mesoderm (Bettenhausen et al., 1995) . Three different Notch homologues have been described in the mouse Williams et al., 1995) ; all three are expressed during some stage of somite development in patterns similar to those of zebrafish Notch1 (Bierkamp and Campos-Ortega, 1993) . Particularly prominent is the expression of Notch1 within the presomitic mesoderm where it defines somite-sized regions (Reaume et al., 1992) . It is very likely that the zebrafish has other Notch homologues, besides Notch1, some of which may exhibit a pattern of transcription even more similar to that of deltaD. In addition to its expression in presomitic mesoderm, deltaD expression persists for some time within the anterior half of each somite. Expression of the mouse Delta homologue within condensed somites is abundant; however, mRNA accumulation is found within the posterior half of the somite, rather than the anterior (Bettenhausen et al., 1995) .
In support of the hypothesis that deltaD plays a role in somitic development, we found that RNA injections, mimicking overexpression, of deltaD are associated with conspicuous somitic and myotome defects such as, for example, fusion of neighbouring somites, as well as patterning defects in the adaxial mesoderm. The frequency of defects correlates with the dosage of deltaD RNA injected. We also found notochordal defects in the deltaD injected embryos. Since there is no expression of deltaD within the axial mesoderm, the defects in the notochord cannot be easily interpreted. However, they may reflect interactions between the adaxial and paraxial mesoderm, on the one side, and the axial mesoderm, on the other.
There is indeed evidence that the Notch signalling pathway is somehow related to the segmentation process, since knock-out of the mouse Notch1 gene leads to delayed and uncoordinated somitogenesis and, consequently, to severe somite defects (Conlon et al., 1995) . The defects found after loss of Notch function in the mouse are very varied, e.g. lack of transverse clefts between somites, misalignment of somitic units, and defective expression of various marker genes; but all these data suggest that the overall allocation and organization of the somites are disturbed.
One possible function of the genetic circuitry is the subdivision of the paraxial mesoderm into somitic units, i.e. the allocation of a group of cells to a given somite and the definition of the somite boundaries. However, a second possible function can be proposed in the differentiation and maintenance of the structure of the somites, since in Drosophila the neurogenic network is also involved in the differentiation and maintenance of epithelia (Hartenstein et al., 1992) . One is tempted to propose that segmentation depends on genes other than those of the neurogenic network, and that the function of this network is required after partition of the presomitic mesoderm into somites has occurred. However, our data do not permit us to decide between these two possible functions.
Experimental procedures
Zebrafish embryos were obtained from spontaneous spawnings. Adult fish were kept at 28.5°C on a 14 h light/ 10 h dark cycle. The embryos were staged according to Kimmel et al. (1995) .
Screening, cloning and sequencing
PCR using degenerate primers was performed on a cDNA library made with polyA + RNA from 9-16 h zebrafish embryos (neurula stage, a gift of D.J. Grunwald, Salt Lake City). The primers had the sequence 5′-CCITTT/CGGITTT/ CACITGGCCIGG-3′ and 5′-CCG/ATCT/CTGA/GCAIG-TICCICC-3′ (Pharmacia). In the deduced deltaD amino acid sequence the primers correspond to positions 107-116 and 453-459. Following denaturation (95°C for 4 min), 35 amplification cycles (at 95°C for 30 s, 55°C for 1 min, 72°C for 1 min and another 7 min extension at 72°C) were performed. A 1 kb fragment was amplified, isolated, cloned and sequenced (Sequenase Kit, USB). This fragment was used to screen a randomly primed l ZAP cDNA library from 3-15 h embryos (a gift of C. Fromental-Ramain and P. Chambon, Strasbourg) under stringent conditions following Church and Gilbert (1984) . The cDNA clones were first analyzed by PCR. Two overlapping cDNAs (Dl1.1 and Dl1.2) were cloned in pBSK using the Stratagene protocol, and sequenced. The Bsu36I restriction site, present in the overlap between Dl1.1 and Dl1.2, and the XbaI restriction site, present in the polylinker of the pBSK vector, were used to synthesize a full-length deltaD cDNA.
Northern analysis
Total RNA was isolated from zebrafish embryos according to Chomczynski and Sacchi (1987) . Total RNA (5 mg) was used for each lane covering between 0 and 36 h embryonic development. Blots were prepared on nylon membranes (Nytran; Schleicher and Schuell) and hybridized with the 1 kb PCR product labelled with 32 P (Church and Gilbert, 1984) .
Injection of mRNA
The full-length deltaD cDNA was cloned in the expression vector pCS2
+ (Turner and Weintraub, 1994) , linearized with NotI and in vitro transcribed using SP6 RNA polymerase (Boehringer). The RNA was capped with 2 mM m 7 G(5′)ppp(5′)G (Boehringer), DNA was digested with 1 ml DNase (37°C for 30 min), and RNA was recovered by column chromatography (RNeasy Kit, Qiagen). lacZ RNA was prepared following the same protocol and using the pCS-nucb-gal vector (pCS2 + and pCS-nucb-gal were kindly provided by D. Turner, Seattle). Three different series of injections were made into one blastomere of 1-4-blastomere embryos. In the first series, a mixture of 1.2 ng/embryo deltaD RNA and 0.5 ng lacZ RNA was injected, in the second series, either 0.6 ng or 1.2 ng/embryo of deltaD RNA was injected and in the third series, either 0.5 ng or 2 ng/embryo of lacZ RNA in 0.2% phenol red was injected. The injected embryos were kept in zebrafish Ringer until either the neurula stage (10 hpf), 8-10-somite stage or 24-36 hpf, and fixed in 4% paraformaldehyde in PBT (4°C overnight).
In situ hybridization and histological methods
Hybridization of digoxygenin labelled RNA probes to embryo wholemounts was performed as described (Bierkamp and Campos-Ortega, 1993) ; double in situ hybridizations were according to Hauptmann and Gerster (1994) . Digoxygenin-and/or fluorescein-labelled RNA probes were prepared from the PCR fragment, as well as from islet-1 (gift of V. Korzh), MyoD and no tail (gift of C. Kimmel) cDNA fragments using RNA labelling kits (Boehringer Mannheim). Embryos injected with RNA were prepared for in situ hybridization with islet-1, MyoD or no tail probes, and antibody staining with a rabbit anti-b-Gal antibody. Embryos were preincubated (4°C overnight) with a mixture of alkaline phosphatase-linked anti-DIG Fab fragments (1:6000) and rabbit anti-b-Gal antibody (1:2000), followed by in situ hybridization. The secondary antibody was a goat HRP-linked anti-rabbit antiserum. In some cases, following in situ hybridization embryos were embedded in Araldite (Serva) and acetone, followed by infiltration with Araldite for several hours; embryos were oriented in fresh Araldite before polymerization. Plastic sections (3-5 mm) were cut on a Reichert Ultrotome and observed with an Axiophot microscope (Zeiss) without counterstaining.
